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Abstract- Destoning is a processing technique for removing stones and broken grains from a batch of milled rice. This
research was carried out to modify an existing rice destoner for the purpose of increasing its capacity and efficiency.
Modification introduced addressed challenges associated with the existing machine, such as low stone removal efficiency and
low air flow channel, which affects the aerodynamic lifting of the rice grains. Performance was evaluated for 3 kg of locally
milled rice samples based on the design capacity of the machine, cleaning efficiency and degree of grain flow. The result
showed that the design capacity (1.8 kg/h) of the modified destoner was higher than that of the existing (0.86 kg/h). Also, the

modified machine has 40.8% destoning efficiency which is higher than that of existing machine (2.58%).
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1. Introduction

Domestic processing of rice for local consumption and
export is nowadays a serious business in Nigeria [1,2]. This
is probably because of the renewed interest by government
for the country to be self-sufficient in terms of food
production rather than depending on importation of major
agricultural commodities. Rice production is generally
carried out by the local farmers who have little or no idea of
modern technology as currently applied in agriculture [3].
Research efforts has shown that production and processing
technologies have not been able to meet the increasing
demand for rice [4]. This is true despite the huge production
potential of the commaodity in Nigeria judging from the vast
arable and fertile land available for cultivation. Therefore,
instead of spending billions of naira on importation, the
commaodity can be produced, processed and bagged for local
consumption and export [5]. It is usually difficult to
actualize this mandate without proper agricultural
mechanization. Of course rice processing is not new to
cultivators, but this is done locally and in the process
impurities including stones introduced. The presence of

impurities inadvertently makes marketing tedious as

consumers prefer clean quality rice product.

Prior to the conception of rice destoner, farmers make
use of the traditional or manual method to separate impurities
from rice. The manual method include handpicking which
allows separation of stones from rice. But this is time
consuming, tedious and contaminants such as stones, sticks,
chaff and sand are not completely removed [6]. Another
method is floatation which allows separation based on
differences in density when a batch of unclean rice product is
allowed to settle in bath of water. The heavier materials,
which are stones, quickly settle to the bottom, and the clean
rice at the top are carefully scooped. This, however, requires
sufficient drying after separation and there is possibility of
mold or fungi growth in storage when not properly dried [7].
Moreover, during rice processing, impurities may be
purposely, accidentally, inevitably, or incidentally added.
The level of impurities in rice, which are generally defined in
relative terms, depends on the method of cleaning or
separation used [8]. Standards have been established by
various organizations that attempt to define the permitted
levels of impurities in a manufactured product. Strictly
speaking, the level of purity of the material can only be
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stated as being more or less pure than some other material.
Some of the factors that make the locally produced rice less
acceptable are impurities like stones, dust and chaff, and
these get into rice as a result of poor methods of harvesting
and drying used by the farmers. As much as possible,
therefore, the level of impurity in processed rice should be
reduced so as to ensure quality of the final product.

Many researchers have developed machines for use in
removing stones and other impurities from processed rice,
S0 as to meet the demand for clean product by consumers [9-
12, 8]. This has resulted to several breakthroughs in the
innovation and method of separating impurities from rice.
For instance, Adejuyigbe and Bolaji [12] developed a rice
destoning machine using a vibrating sieve and reported a
high destoning efficiency. Okunola et al. [8] developed a
cereal cleaner which is particularly adoptable for use in
cleaning impurities in processed rice. Henderson and Perry
[9] designed a separator based on gravity and floating. The
disadvantages of using separator however in rice cleaning are
that sufficient drying is required after separation and there is
possibility of mold or fungi growth in storage [7]. However,
the technical requirements of the designs described are quite
cumbersome and difficult to localize [6, 11-13]. This is
probably the reason rice processing is still a major challenge
in some instances despite the level of research achieved.
Therefore, attempt to readdress the design concept and
improve performance cannot be overlooked. At the moment,
there is no reported attempt to modify the existing rice
destoners in order to achieve this. Thus, the objective of this
research was to evaluate the performance of an existing rice
destoner and modify the machine in terms of destoning
efficiency.

2. Materials and Methods
2.1. Materials

The materials used in the design of the modified rice
destoner are local rice weighing balance, stop watch, electric
motor and air flow meter. Mild steel material was used for
the fabrication of the machine.

2.2 Performance and challenges of existing rice destoner

An existing rice destoner designed and fabricated by
Nwoba [14] shown in Fig. 1 was evaluated for its
performance. Three samples of gwarri rice variety (3 kg each
and containing 0.5 kg of stones) were used to evaluate the
performance of the destoning machine. As the machine
operates, it vibrates the sieves and the grain mixture flows
from the hopper through the vibrating sieves to the destoning
section. In principle, the macine operates based on
differences in terminal velocities of stone, rice and other
impurities through aspiration. The machine was equipped
with a blower (blast fan) which supplied air stream across the
flowing grains. This caused the mixture of grains and stones
to move at different velocities in different projectile
directions. The machine was operated with a single phase
3hp (2.250 kW, 1440 rpm) electric motor and loaded.
Cleaning efficiency of 73%, 2.58 % and 93% were reported

for chaff, stone and material flow, respectively. However, the
stone cleaning efficiency of this design was extremely low,
thereby causing both stones and chaffs to drop at the inlet of
the flow channel. There were problems with the blower and
obstruction caused by stone-chaffs mixtures in the stone
tank. It was also reported that the airflow channel was not

high enough to lift rice.
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Fig. 1. Rice destoner constructed by Nwoba [14].

2.3 Design Concept for Modification

One of the problems associated with the rice destoner
developed by Nwoba [14] was low stone cleaning efficiency.
This problem appeared because the design did not take care
of some factors influencing the performance of the various
components of the cleaning systems, which are engineering
properties of rice including physical, mechanical and
aerodynamic properties. In this modification therefore, the
aerodynamic characteristics of the rice grains, including
density, terminal velocity, forces acting on the rice particles
and the aerodynamic drag force, were determined according
to the procedures described in Razavi et al. [15] and
Tabatabee-far [16]. Physical characteristics, including shape
and size, were determined by the method described by
Fadeyibi et al. [7]. Mechanical characteristics were the angle
of repose of rice grains determined by the method described
by Nwithiga and Moriasi [17].

2.3.1 Design Analysis

The design analysis was carried out with a view to
evaluating the design parameters for selection of the machine
parts, so as to minimize failure during the required working
life of the machine.

I. Determination of hopper volume

Hopper was made of galvanized and iron sheet so as to
prevent rusting and sagging due to the weight of rice grains
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introduced. To achieve this requirement, a better hopper
rigidity was analyzed and ensured as shown in Fig. 2. Thus,
the volume of the hopper was calculated using the expression
in Eq. (1).

120mm

A A

= i A
118mm
A
F v
Fig. 2: Hopper analysis.

V=1 mriH - hy) ©)
but, H=hy+h; Ofr hy =H — h,4

By similar triangles the solution is:

R h

e _h:

where, R = base radius of the hopper, =, = truncated radius of
the hopper, h, = hopper vertical height, h, = truncated
vertical height.

Thus,

R 118 = 87

=2
*r: by 28 214 mm

Then the volume of the hopper was:
V=1/3 m(120)* x 214 = 3227462 mm®

Therefore, a total height H = hy; + h; = 310 mm and the
effective height of 220 mm with a volume of 3227462 mm?®
were used as hopper specification of the rice destoner.

I1. Determination of volume of grain channel

Grain channel are perforations where the whole rice
grains pass through without allowing impurities. In this
design, the grain channel was made of galvanized iron
because it is less vulnerable to rusting and available in

comparison to plain mild steel. The rusting effect of mild
steel was also considered after which galvanized steel was
chosen to avoid contamination due to rusting as the machine
lasts in use. The grain channel is cuboidal in shape, as shown
in Fig. 3. Assume a length of 40 mm, width of 36 mm and
height of 40 mm, then the volume of the grain channel was
calculated using Eq. (2).
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Fig. 3. Typical sketch of grain channel.
Voo = lwh @)

where, 17, = volume of grain channel (mm3), [ = length of

channel (mm), w = width of channel (mm), h = height of
channel (mm).

Voo =40 x 36 x40 =57600 mm3

I11. Determination of blower discharge capacity

Blower was selected based on the volume of air required
and its resistance in the system as shown in Fig. 4. Density of
air at normal atmospheric pressure and temperature was used
to determine air speed by the blower using Eqg. (3).

_ o =
Q=0 55

®)

where, @, = discharge air speed by the blower (m3), gy == =
air density at 25°C (1.18 kg/m®), p,; = air density at standard

outdoor conditions (1.12 kg/m® for 40°C as obtained from
specification of air conditioning and refrigeration table), Q =
real discharge capacity of fan (5,560 ft3/min).

1.18

= 5560 | —
Q J112

@ = 5707 ft3/min = 2.69 m¥s of air.

171



INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-IJET

Mohammed Gana Yisa et al., Vol.3, No.3, 2017

Fig. 4. A centrifugal fan.

Also, the power required to operate the centrifugal fan
based on the amount of air stream flow rate (2.69 m?/s) was
1.54 HP (obtained from specification of air conditioning and
refrigeration table). Thus, a 2HP electric motor was selected
to provide the power required by the fan and to take care of
the power loss in the system.

IV. Determination of angular velocity of sieves

The frequency of vibration of the sieves was determined
based on whirling speed of the shaft, blades and pulley from
Dunkerly's formula expressed in Equation (4). Also, the
centripetal velocity was considered as the sieves rotate with
the aid of blades attached to the fan shaft.

3= (5) [2 @

but since m = pw, then

_ wiy |El
Gy = IE] p_v

where, [ = length of shaft (0.56 m), | = moment of inertia, m
= mass of shaft (kg), v = volume of shaft (m3), o =7,800
kg/m®, E = Elastic modulus (2 = 105N/m?), &, = whirling
speed (rad/s).

2
= oo I s op

2
v =g B8 o 0,56 = 0.0005 m?

m = 7800 x 0.0005

~m = 3.90 kg

_ {7 2 % 10% % 5.58
“: = 10562 3.00

éo, = 31.3x 0.18 = 5.68 rad/s

Thus, the angular velocity of sieves was 5.68 rad/s

V. Determination of column maximum deflection

The maximum column deflection of the shaft of the
modified destoner was computed from Eq. (5).
Vipay = W L*/384E],, (5)

where, W= load per unit length (N/m); L= length of column
(m); E= modulus of elasticity (kg/m?); I...= moment of
inertia in the x- direction (M?%); Yma= vertical maximum
deflection (m).

VI. Determination of safe load capacity

The load required to safely operate the machine without
hindrance or failure was computed using Euler's equation for
permissibility load as expressed in Equation (6).

B =nlE.l./L, ®)

where, F. = crippling load; E = modulus of elasticity; I, =
moment of inertia in the x- direction; L, = effective length.

VII. Determination of strain energy

The strain energy from the column deflection on the rice
destoner was computed using Eq. (7).

U= (R*2E)xV @

where, F, = elastic stress constant; V= volume of material; E
= modulus of elasticity; U= strain energy.

VIII. Determination of pressure distribution in the system

In order to determine the pressure distribution in the
system the discharge velocity, continuity velocity and the
density of air at room temperature, 24*C were considered as
influencing factors. The pressure distribution in the system
was therefore computed from Eq. (8).

P Oa _ Py v? (8)
Past g Pasc 139
where, F, = continuity pressure; p, 4. = density of air at 24°C;
[7, = discharge velocity/fan velocity, g = acceleration due to
gravity (9.81 m/s?); V= velocity due to continuity (m/s).

IX. Determination of fan shaft diameter

The shaft diameter was determined using the expression
in Eq. (9). According to Khurmi and Gupta [18], the
diameter of a solid shaft with little or no axial load can be
determined using:
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4= [(kymy)* + (keem 142 ©)

where, k; = combined shock and fatigue factor applied for
bending moment = 1.5, k, = combined shock and fatigue
factor = 1; my = maximum bending moment, wm,=
maximum torsional moment; 5.= allowable stress=
40MN/m? for shaft with keyway (machine design S series).

X. Bearing selection

Bearing selection was based on load requirement, speed
of shaft, space limitation and desire for precise shaft
positioning. Eq. (10) was used to compute the bearing rated
life. For agricultural equipment, the design life Lio is
between 3000-6000 [18]. This specification was used as
guide for the bearing selection.

Lip = G)h * ul (10)

B&0m

where, L, = rated life, revolution; C = basic load rating =

1525.44 N; P= equivalent radial load, K= constant, 3 for
single groove type, n = 2000 rpm (obtained from table of
materials properties) [18].

However,
P=XVf +¥f,

where, X = radial load factor (0.56) from table of materials
properties, V = radial factor (1), f. = radial load (120 N),
f=07f =07 %120 = 84N.

2.3.2 Drawing of modified rice destoner

Isomeric and orthographic projections of the modified
rice destoner are shown in Fig. 5 and Fig. 6, respectively.

Fig. 5. Isometric view of rice destoner.
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Fig. 6. Orthographic projection of rice destoner.
2.4 Principle of operation of modified rice destoner

The rice destoning machine was designed to achieve
complete separation of stone from rice. The admixture
(mixture of rice and stone) was fed through the hopper and
into the vibrating sieve which allows stones smaller than the
rice to pass through. Any stone that is larger than the
diameter of the sieve size (> 2 mm) will fall along with the
rice onto the vibrating sieve. The vibratory sieve transfers the
stones in the opposite direction of the flow of clean rice so
that the cleaned rice will not be mixed with separated stone.
The clean rice was collected at the lower part of the inclined
sieve.

2.5 Performance evaluation of modified rice destoner

Performance of the machine was evaluated to determine
the ability of the material to flow freely through the sieves
and the cleaning efficiencies of the machine with respect to
impurity separation from rice.

2.5.1 Chaff Cleaning efficiency

This is the amount of chaff discharged through
appropriate ducts to the total amount of the introduced into
the hopper, expressed in percentage. It was computed using
Eq. (112).

Cogr = = % 100 (11)

b 4
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where C.z = chaff cleaning efficiency (%), M¢ = mass of

chaff discharged through the appropriate chute (kg), M; =
total mass of chaff introduced into the grain (kg).

2.5.2 Stone Separation Efficiency

This is the mass of stone removed to total mass of stone
introduced into the rice. It was computed using the
expression in Eq. (12).

¢ .. =M

sff = EX 100 (12)
where, Ser = stone separation efficiency; Ms = mass of
discharged rice in stone tank, M, = total mass of introduced
into the hopper.

2.5.3 Free Flow of Material through the Hopper Efficiency

This is defined as the percentage of rice material
introduced into the hopper and collected from the flow ducts
when the machine is not at work. It was computed using Eq.
(13).

M, = % % 100 (13)

where, M. = material flow efficiency (%); M, = mass of
material introduced into the hopper (kg), Mi= mass of
material collected at the flow channel (kg).

3. Results and Discussion

Results of performance evaluation of the modified rice
destoner is shown in Table 1. It can be seen that the modified
rice destoner has the design capacity of 1,800 kg/h. This may
be as a result of the larger space on the two flat sides of its
fan housing (casing) to draw sufficient air for better
efficiency of the fan. The top of its grain channel was made
open to allow for free agitating of the grains. Metal arm was
introduced to help move the reciprocating panel in order to
make for the sieving action of the destoner. The lower sieve
efficiency of the machine was higher than efficiency of upper
sieve and this may be due to the presence of more broken
rice grains at the lower end. With the introduction of L-
shaped metal arm, it was observed that the destoner was able
to give a destoning efficiency of 40.8 % higher than that of
the existing machine. However, in contrast to this, Ogunlowo
and Adesuyi [6], Simonyan et al. [11], Adejuyigbe and
Bolaji [10] and Agidi et al. [13] reported higher destoning
efficiency with lower machine capacity of rice destoner in
their respective designs. It may be noted that this difference
in efficiencies might be due to the differences in angle of
inclination and the diameter of feed regulator opening of the
machines. The present design presents an excellent machine
capacity of 1800 kg/h compared to that reported by Olugboji
and Yisa [19] and Adejuyigbe and Bolaji [10]. Thus, clearly
one can see that the modified machine will be able to handle
more tonnes of rice per hour than most machines reported.

Table 1. Performance of the modified rice destoner

/N performance indices

Value unit

1 Machine capacity 1.80 kg/h
2 Material flow efficiency:

lower sieve 97.0 %

upper sieve 940 %
3 Cleaning efficiency:

Chaffs 850 %

Stones 408 %

3. Conclusion

An existing rice de-stoning machine was tested, modified
and its performance was evaluated. The performance
evaluation carried out on the machine after modification
showed that the chaff cleaning, stone separation and material
flow efficiencies through lower and upper sieves were
relatively higher than the existing rice destoner. Also, the
modified machine has an impressive material flow efficiency
through the lower and upper sieves. This work also revealed
that the design capacity of the modified machine was found
to be 1.80 kg/h which was higher than 0.86 kg/h obtained
from the previous machine. The machine was able to
improve the quality of rice by de-chaffing and separation of
broken rice particles.
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